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(54) Method for producing thin-f Dm solar cell and equipment for producing the same 


(57) A thin-film light absorbing layer which is regu- 
lated so as to have any desired gallium concentration 
and which is capable of attaining a high open-circuit 
voltage is formed by a simple method at a temperature 
lower than the softening point of the soda-lime float 
glass. A light absorbing layer is formed by forming a 


back electrode on a soda-lime float glass substrate, 
forming on the back electrode layer a stacked precursor 
film including a copper-gallium alloy layer and an indium 
layer by sputtering, and then heating the precursor f Dm 
in an atmosphere of selenium and/or sulfur. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to a method for pro- s 
during a thin-film solar cell employing a thin film of a 
multi-element compound semiconductor as a light 
absorbing layer, more particularly a thin-film solar cell 
which contains a thin-film light absorbing layer compris- 
ing a multi-element compound semiconductor of the 10 
Cu-lll-VI 2 chalcopyrite structure, ag.. a p-type semicon- 
ductor such as, copper indium gallium diselenide 
(CIGS), and has a p-n heterojuTKrton. 

BACKGROUND OF THE INVENTION 

Thin-fim solar ceOs of the above-descrfoed crystal 
structure have possibilities for extensive practical use, 
as described in U.S. Patent 4,335.226 (issued to 
Michelsen et al. on June 15, 1982). Disclosed in the 
U.S. patent document cited above are a method for pro- 
ducing a fight absorbing layer consisting of a single 
phase of CulnSe^ (CIS) having a homogeneous struc- 
ture and a method for producing a thin-film solar cell 
employing the light absorbing layer and having a high 
conversion efficiency. 

Such thin-film solar cells having a high conversion 
efficiency are disclosed in, e.g., US. Patents 4,798,660 
(issued to J.H. Ermer et al.) and 4.915,745 (issued to 
G.A. Pollock et al.); C.L Jensen et al., Proceedings 
23rd Photovoltaic Specialists Conference, (1993), pi 
577; and JP- A-4-326526 (Mrtsune et al). (The term "JP- 
A" as used herein means an "unexamined published 
Japanese patent application.*) 

US. Patent 4.798,660 cfscloses a method for form- 
ing a thirvfilm light absorbing layer consisting of a CIS 
single phase having a uniform composition, which com- 
prises depositing a metallic back electrode layer, a layer 
of pure copper alone, and a layer of pure indium alone 
in this order by DC magnetron sputtering to form a 
stacked thin metallic film and then reacting the sta c ked 
metallic tim with selenium by exposing the same to a 
selenium atmosphere, desirably an H^Se gas atmos- 
phere. 

U.S. Patent 4,915,745 discloses a technique for 45 
improving the performance of a thin-fim solar cell by 
forming a stacked precursor tim comprising a copper- 
gallium alloy layer corrtairting gallium and a layer of pure 
indium and then heating the precursor film in a selenium 
atmosphere to form a light absorbing layer, whereby so 
gallium segregates and migrates to the metallic back 
electrode layer of molybdenum (Mo) during the heat 
treatment to function as a kind of adhesive to improve 
adhesion between the metallic back electrode layer and 
the resulting thin-film light absorbing layer. ss 

C.L Jensen et al. suggested in the reference cited 
above that the CIS light absorbing layer formed by heat- 
ing a stacked precursor fim comprising a copper-gal- 


lium alloy layer containing gallium and a layer of pure 
indium in a selenium atmosphere has improved adhe- 
sion to the metallic back electrode layer of molybdenum 
(Mo) because of the segregation of gallium and migra- 
tion thereof to the metallic back electrode layer during 
the heat treatment, and that there is the possibility that 
the tight absorbing layer formed has an internal struc- 
ture having a gallium concentration gradient find made 
up of two layers, La, a Cu(lnGa)Se2 layer and a CIS 
layer, based on the results of Auger electron spectros- 
copy (AES). 

JP-A-4-326526 discloses a method for producing a 
thin film consisting only of a single phase of copper 
indium gallium diselenide sulfide which comprises form- 
ing a molybdenum layer on a Coming 7059 (trade name 
of Coming Inc.) glass substrate by sputtering, subse- 
quently forming thereon a stacked film consisting of 
copper, indium, and sulfur by vapor deposition, heating 
the stacked film in a nitrogen atmosphere to form a thin 
Mm consisting of a single phase of copper indium gal- 
lium disulfide^ and then introducing H^Se gas into the 
same even to convert the thin film to the desired one. 
There is a description in the above reference to the 
effect that a thin film consisting of a single phase of cop- 
per indium gallium diselenide sulfide having the same 
performance can ateo be obtained by a method which is 
the same as the above, except that selenium is used in 
place of sulfur and that HgS gas is used in place of H2Se 
gas as the atmosphere for heat treatment 

For producing a thin-film light absorbing layer made 
of a CU-III-VI2 chalcopyrite semiconductor, e.g., a p- 
type semiconductor such as copper indium diselenide 
(CIS) or copper indium gallium diselenide (CIGS), coe- 
vaporation technique may be used which employs solid 
starting materials for these constituent elements. Since 
this coevaporation technique has an advantage that the 
content of gallium in the thin-ffim light absorbing layer 
can be freely regulated in the range of from 0 to 100 
at%, the optimum bandgap of 1 .3 to 1 .5 eV is attainable 
which is desirable to obtain better match with the air 
mass (AM) 1.5 solar spectrum changing the fractional 
Ga content in Cu(fnGa)Se2 (CIGS) thin films. However, 
it has problems that production of a large-area thin-tarn 
solar cell is not easy because of the structure of the pro- 
duction equipment, and that the technique is unsuitable 
for mass production. 

Furthermore, when a CIGS single phase is formed 
in a high gallium content, it is preferred to use a sub- 
strate having temperature not lower than the softening 
point of the soda-lime float glass, which is an inexpen- 
sive substrate generally employed, so that treatment at 
a higher temperature can be conducted for accelerating 
the diffusion of gallium. However, use of such a high 
substrate temperature poses problems of. for example, 
deformation of the soda-lime float glass, generation of 
unfavorable phases caused by the diffusion of an alkali 
ingredient from the glass into the CIGS phase, impaired 
reproducibility because of difficulties in diminishing the 
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diffusion, and peeling of the thin-fflm light absorbing 
layer consisting of a CIGS single phase from the Mo 
back-electrode layer. 

SUMMARY OF THE INVENTION 

The present invention has been achieved in order 
to eliminate the problems descrbed above. 

An object of the present invention is to form a thin- 
film light absorbing layer by a relatively simple method 
at a temperature lower than the softening point of a 
soda-lime float glass while regulating the concentration 
of Group III elements (gallium and indium) in the thin- 
film light Absorbing layer to any desired value to thereby 
realize a thin-film solar cell having a high open-circuit 
voltage. 

Another object of the present invention is to prevent 
the thin-film fight absorbing layer from peeling off other 
layers. 

To accomplish the above objects, the present inven- 
tion provides: 

a method for producing a thin-film light absorbing 
layer for a thin-film solar ceO which comprises form- 
ing a stacked precursor film comprising a copper- 
gallium alloy layer and an indium layer on a metallic 
back electrode layer by sputtering and then heating 
the precursor film in an atmosphere of selenium 
and/or sulfur to thereby form a light absorbing layer 
comprising a multi-element compound semicon- 
ductor of the Cu-lll-VI 2 chalcopyrite structure, the 
stacked precursor film which comprises a copper- 
gallium alloy layer and an indium layer being formed 
by depositing the copper-gallium alloy layer and the 
indium layer in this order on the metallic back elec- 
trode layer by sputtering, the thin-fflm light absorb- 
ing layer having such a gallium concentration 
gradient that the concentration of gallium in the light 
absorbing layer increases from the side closer to an 
interfaciaJ layer (buffer layer) to the side closer to 
the metallic back electrode layer; 
a method for producing a thin-fflm light absorbing 
layer for a thin-film solar cell as described above, 
wherein the gallium concentration gradient in the 
thin-film light absorbing layer, in which the concen- 
tration of gallium increases from the intertacial layer 
(buffer layer) side to the side of the metal He back 
electrode layer, is obtained by forming the stacked 
precursor fflm comprising a copper-gallium alloy 
layer and an indium layer by sputtering in such a 
manner that the structure (composition) of the cop- 
per-gallium alloy layer is changed and then heating 
this precursor film in an atmosphere of selenium 
and/or sulfur; 

a method for producing a thin-film light absorbing 
layer for a thin-film solar cell as described above, 
wherein the gallium concentration gradient in the 
thin-film light absorbing layer, in which the concen- 


tration of gallium increases from the intertacial layer 
(buffer layer) side to the side of the metallic back 
electrode layer, is obtained by forming the stacked 
precursor fflm comprising a copper-gallium alloy 

5 layer and an indium layer by depositing a copper- 
gallium alloy layer having a high gallium content, a 
copper-gallium alloy layer having a low gallium con- 
tent, and an indium layer in this order on the metal- 
lic back electrode layer by sputtering, and then 

w heating this precursor film in an atmosphere of 
selenium and/or sulfur; 

a method for producing a thin-film light absorbing 
layer for a thin-film solar coil as described above, 
wherein the gallium concentration gradient in the 

is thin-fflm light absorbing layer, in which the concen- 
tration of gallium increases from the intertacial layer 
(buffer layer) side to the side of the metallic back 
electrode layer, is obtained by forming the stacked 
precursor fflm comprising a copper-gallium alloy 

20 layer and an indium layer by depositing a copper- 
gallium alloy layer having a low gallium content a 
copper-gallium alloy layer having a high gallium 
content, and an indium layer in this order on the 
metallic back electrode layer by sputtering, and 

25 then heating this precursor film in an atmosphere of 
selenium and/or sulfur; 

a method for producing a thin-film light absorbing 
layer for a thin-film solar cell which comprises form- 
ing on a metallic back electrode layer a stacked pre- 

30 cursor film comprising a layer of a copper-gallium 
alloy and an indium layer by sputtering using cop- 
per-gallium alloy targets having different gallium 
contents (the gallium content in each copper-gal- 
lium alloy being from 1 to 40% by weight) including 

35 a pure copper target and an indium (or indium-sele- 
nium alloy) target, and then heating the precursor 
fim in an atmosphere of selenium and/or sutfur to 
thereby form a thin fflm of a multi-element com- 
pound semiconductor of the Cu-lll-V^ chalcopyrite 

40 structure; 

an equipment for producing a thin-film light absorb- 
ing layer for a thin-film solar cell, the equipment 
comprising a sputtering part for forming a stacked 
precursor film comprising a layer of a copper-gal- 

45 Bum alloy and an indium layer on a metallic back 
electrode layer formed on a glass substrate, and 
further comprising a part for heating in a selenium 
gas atmosphere the stacked precursor film formed 
in the sputtering part and/or a part for heating the 

so stacked precursor fflm in a sulfur atmosphere; and 
an equipment for producing a thirvfilm light absorb- 
ing layer for a thin-film solar cell, wherein the sput- 
tering part has at least one copper-gallium alloy 
target and optionally a copper target, the targets 

55 having different gallium contents when more than 
one target is used, and an indium (or indium-sele- 
nium alloy) target (the gallium content in each cop- 
per-gallium alloy being from 1 to 40%). 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a thin-fflm solar cell 
according to the present invention. 

Fig. 2 is a view illustrating a thin-film solar cell pro- s 
duction equipment for use i n the method of the present 
invention for producing a thin-ffim solar cell. 

Fig. 3 is a graphical presentation illustrating the 
results of Auger electron spectroscopy (AES) of the dis- 
tribution of the concentration of Group III elements 10 
(indium and gallium) in thin-film CIGS light absorbing 
layers for a thin-fim solar cell, which layers bad been 
formed in the method of the present invention from 
stacked precursor films having the structure (a), consist- 
ing of a copper-gallium alloy layer and an indium layer is 
disposed in this order from the side of the metallic back 
electrode layer 3. 

Fig. 4 is a graphical presentation illustrating the 
results of Auger electron spec tr oscopy (AES) of the dis- 
tribution of the con ce ntration of Group III elements 20 
(indium and gallium) in thin-ffim CIGS fight absorbing 
layers for a thin-fim solar cell, which layers had been 
formed in the method of the present invention from 
stacked precursor films having the structure (b), consist- 
ing of a copper-gallium alloy layer having a high gallium 25 
content a copper-gallium alloy layer having a low gal- 
lium content and an indium layer disposed in this order 
from the side of the metallic back electrode layer 3. 

Fig. 5 is a graphical presentation illustrating the 
results of Auger electron spectroscopy (AES) of the dis- so 
trfcution of the concentration of Group III elements 
(indium and gallium) in thin-fim CIGS fight absorbing 
layers for a thin-fim solar cell, which layers had been 
formed in the method of the present invention from 
stacked precursor fflms having the structure (c), consist- 36 
ing of a copper-gallium alloy layer having a low gallium 
content a copper-gallium alloy layer having a high gal- 
lium content and an indium layer disposed in this order 
from the side of the metallic back electrode layer 3. 

Fig. 6 is a schematic view illustrating the structure 40 
of the graded band-gap region of the. thin-film light 
absorbing layer of a thirvfflm solar cell according to the 
present invention. 

Ftg. 7 is a graphical presentation illustrating the 
relationship between the content of gallium (wt%) in 45 
copper-gallium a! toy targets and open-circuit voltage 
V"oc (mV) in a thin-fim solar module (an aperture area of 
50 cm 2 ) produced according to the present invention 
using a stacked precursor film having the structure (a), 
consisting of a copper-gallium alloy layer and an indium so 
layer disposed in this order from the side of the metallic 
back electrode layer 3; that relationship was determined 
with a solar simulator under the standard measurement 
conditions of air mass (AM) 1.5 and 100 mW/cm 2 . 

55 

DETAILED DESCRIPTION OF THE INVENTION 
Modes for carrying out the present invention are 


explained below by reference to drawings. 

Important features of the present invention reside in 
the method for producing a thin-film fight absorbing 
layer serving as the central part of a thin-film solar cell 
of the Cu-lll-VI 2 chalcopyrite structure. It is noted that 
the term "Cu-lll-VV means Cu-[Group III elements] - 
[Group VI element^. 

The method for producing a thin-film solar sell, 
more specifically for producing a thin-film light absorb- 
ing layer for a thin-film solar cell, is described below in 
detail. 

The method of the present invention is explained 
below by reference to Fig. 1 , which illustrates a thin-fim 
solar cell 1 produced by the method of the present 
invention, and Fig. 2, which illustrates an equipment for 
producing a thin-film solar cell. 

On a glass substrate 2 comprising, eg., a soda- 
lime float glass is formed a metallic back electrode layer 
3. This substrate is introduced into a sputtering part 21 
of the thin-f flm solar cell production equipment 20 
shown in Fig. 2, where a stacked precursor fflm PF com- 
prising a layer of a copper-gallium alloy and an indium 
layer and having any of the structures (a) to (c) 
described below is formed on the metallic back elec- 
trode layer 3 by sputtering using a target (1) consisting 
of a copper-gallium alloy (or copper), a target (2) con- 
sisting of a copper-gallium alloy (or copper), and a tar- 
get consisting of indium (or an indium-selenium alloy) 
(the gallium content in each copper-gallium alloy is in 
the range of from 1 to 40%). This precursor film PF is 
heated in an atmosphere of selenium and/or sulfur to 
thereby produce a thin-film light absorbing layer 4. In 
Fig. 2. the heating part 22 snows an electric furnace 
which enables heat treatment introducing a reactive gas 
at temperature of not higher than 600°C. 

The stacked precursor film formed on the metallic 
back electrode layer 3 can have any of the following 
three structures (a) to (c). 

(a) A stacked precursor film consisting of a copper- 
gallium alloy layer and a pure indium layer disposed 
in this order from the tide of the metallic back elec- 
trode layer 3. 

(b) A stacked precursor film consisting of a copper- 
gallium alloy layer having a high gallium content, a 
copper-gallium alloy layer having a low gallium con- 
tent, and a pure indium layer disposed in this order 
from the side of the metallic back electrode layer 3. 

(c) A stacked precursor film consisting of a copper- 
gallium alloy layer having a low gallium content, a 
copper-gallium alloy layer having a high gallium 
content, and a pure indium layer disposed in this 
order from the side of the metallic back electrode 
layers. 

A thin-film layer of a Group ll-VI semiconductor 
which may contain a transparent hydroxide with high 
resistance (e.g., 2n(0, S, OH)x) is deposited as an inter- 
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facial layer (or buffer layer) 5 on the thin-film light 
absorbing layer 4. On this intertacial layer 5 is deposited 
a window layer 6 consisting of a thin metallic semicon- 
ductor film which is transparent has electrical conduc- 
tivity, and has n-type conductivity with wide bandgap s 
(e.g., ZnO containing boron or aluminum as a dopant). 
Thereafter, an upper electrode or scribe lines 7 are 
formed thereon to fabricate a thin-fim solar cell or mod- 
ule 1. 

In the present invention, the metallic back electrode w 
layer, the light absorbing layer, the buffer layer, and the 
window layer which constitute the solar cell each has a 
film thickness of from 5,000 to 15,000 A, from 10,000 to 
30,000 A. from 100 to 1,000 A, and from 5,000 to 
20,000 A, respectively. is 

According to the method described above which 
comprises the steps of forming a stacked precursor film 
by sputtering and heating the precursor film in an 
atmosphere of at least one of selenium and sulfur, the 
thin f im of a mutti-eJement compound serntcondictor of 20 
the Cu-UkVfe chalccpyrite structure (copper indium gal- 
lium diselenide (CIGS)). which is the first thin film of ap- 
type semiconductor for use as a thin-fim light absorbing 
layer, can be regulated so as to have any desired gradi- 
ent of the concentration of the Group III elements 25 
(indium and gallium) therein. For example, as shown in 
Figs. 3 to 5, the thin-film fight absorbing layer can be 
regulated so as to have such a gallium concentration 
gradient that the gallium concentration in the layer gra- 
dationally (gradually) increases from the irrterfacial layer 30 
(buffer layer) side to the side of the metallic back elec- 
trode layer. Alternatively, the fight absorbing layer can 
be regulated so as to have almost the same gallium 
concentration throughout the layer. 

Thin-fim CIGS light absorbing layers 4 obtained by 35 
the method described above were analyzed for gallium 
concentration distribution, specifically for the distribution 
of the ratio of gallium to gallium plus indium, by Auger 
electron spectroscopy (AES). The results of this analy- 
sts are shown in Rga 3 to 5. 40 

Fig. 3 shows the results for the light absorbing lay- 
ers formed from stacked precursor fflms which have the 
structure (a) described above, that is, which each con- 
sists of a copper-gallium alloy layer and an inrJum layer 
disposed in this order from the side of the metallic back 45 
electrode layer 3. More particularly, • indicates the tight 
absorbing layer formed from a precursor film formed by 
sputtering using a copper-gallium alloy target having a 
gallium content of 10% by weight (1) and an indium tar- 
get (3); a indicates that layer formed from a precursor so 
film formed by sputtering using a copper-gallium alloy 
target having a gallium content of 20% by weight (1 ) and 
an indium target (3); and O indcates that layer formed 
from a precursor film formed by sputtering using a cop- 
per-gallium alloy target having a gallium content of 30% ss 
by weight (1) and an indium target (3). 

Fig. 4 shews the results for the light absorbing lay- 
ers formed from stacked precursor tflms which have the 


structure (b) described above, that is, which each con- 
sists of a copper-gallium alloy layer having a high gal- 
lium content, a copper-gallium alloy layer having a low 
gallium content, and an indium layer disposed in this 
order from the side of the metallic back electrode layer 
3. More particularly, • indicates the light absorbing 
layer formed from a stacked precursor film food by sput- 
tering using a copper-gallium alloy target having a gal- 
lium content of 20% by weight (1), a copper-gallium 
alloy target having a gallium content of 10% by weight 

(2) , and an indium target (3); a indicates that layer 
formed from a stacked precursor fim formed by sputter- 
ing using a copper-gallium alloy target having a gallium 
content of 30% by weight (1), a copper-gallium alloy tar- 
get having a gallium content of 10% by weight (2), and 
an indium target (3); and O indicates that layer formed 
from a stacked precursor film formed by sputtering 
using a copper-gallium alloy target having a gallium 
content of 30% by weight (1), a copper-gallium alloy tar- 
get having a gallium content of 20% by weight (2), and 
an indium target (3). 

Fig. 5 shows the results tor the licjrt absorbing lay- 
ers formed from stacked precursor films which have the 
structure (c) described above, that is, which each con- 
sists of a copper-gallium alloy layer having a low gallium 
content, a copper-gallium alloy layer having a high gal- 
lium content, and an indium layer disposed in this order 
from the side of the metallic back electrode layer 3. 
More particularly, • indicates the light absorbing layer 
formed from a stacked precursor film formed by sputter- 
ing using a copper-gallium alloy target having a gallium 
content of 20% by weight (1), a copper-gallium alloy tar- 
get having a gallium content of 30% by weight (2), and 
an indium target (3); a indicates that layer formed from 
a stacked precursor film formed by sputtering using a 
copper-gallium alloy target having a gallium content of 
10% by weight (1), a copper-gallium alloy target having 
a gallium content of 30% by weight (2), and an indium 
target (3); and O indicates that layer formed from a 
stacked precursor fim formed by sputtering using a cop- 
per-gallium alloy target having a gallium content of 10% 
by weight (1), a copper-gallium alloy target having a gal- 
lium content of 20% by weight (2), and an indium target 

(3) . 

The results of the analysis given above show that 
the light absorbing layer can be regulated so as to have 
any desired gradient of the concentration of Group III 
elements (indium and gallium) therein by suitably 
selecting target materials and the sequence of layer 
deposition in precursor film formation. 

Fig. 6 is a schematic View illustrating the structure 
of the bandgap of a thin-film fight absorbing layer 4 for a 
thin-fern solar cell 1, which layer was obtained by the 
method of the present invention and provided the anal- 
ysis results for which are shown in Fig. 3. 

According to the method of the present invention for 
producing a thin-tarn solar cell, a thin-film CIGS light 
absorbing layer is formed which has a wide bandgap as 
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shown in the schematic view. 

Rg. 7 shows the relationship between the content 
of gallium (wt%) in copper-gallium alloy targets and 
open-circuit voltage (mV) in thin-film solar cells 1 
enptoying a CIGS light absorbing layer 4 having a gal- 
lium concentration gradient such as those shown in Fig. 
3. The results given in the figure were obtained with a 
solar simulator with respect to a thin-flm solar module 
having an aperture area of 50 cm 2 under the standard 
measurement conditions of air mass (AM) 1.5 and 100 
mW/cm 2 . The results obtained show that high open-cir- 
cuit voltages exceeding 500 mV can be obtained, 
which are comparable to those of pofycrystalline-silicon 
solar cells. 

As descrbed above, a thin-film light absorbing layer 
serving as the central part of a solar cell of the Cu-IH-Vfe 
chalcopyrite structure can be produced by the simple 
method of the present invention in which a stacked pre- 
cursor film is formed by an ordinary sputtering tech- 
nique and then is heated in an atmosphere of selenium 
and/or sulfur. 

Furthermore, in the method of the present inven- 
tion, the heat treatment in an atmosphere of selenium 
and/or sulfur for producing the thin film of a multi-ele- 
ment compound semiconductor of the Cu-M-Vfe chal- 
copyrite structure, which is the first thin film of a p-type 
semiconductor for use as a thin-film light absorbing 
layer, can be performed at a lower temperature as com- 
pared with prior art methods. Since the temperature 
used in the present invention is lower than the softening 
point of the soda-lime float glass, the following effects 
are obtained. 

(1) Substrate deformation can be prevented, result- 
ing in an improved product yield and a reduced pro- 
duction cost 

(2) Since a soda-lime float glass substrate can be 
used, production cost and the cost of energy 
required for the production can be reduced. 

While the invention has been described in detail 
and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various 
changes and modffications can be bade therein without 
departing from the spirit and scope thereof. 

Claims 

1. A method for producing a thin-film light absorbing 
layer for a thin-film solar cell which comprises 

forming a stacked precursor film comprising a 
copper-gallium alley layer and an indium layer 
on a metallic back electrode layer by sputtering 
and 

then heating the precursor film in an atmos- 
phere of at least one of selenium and sulfur to 
thereby form a light absorbing layer comprising 


a CU-III-VI2 chalcopyrite multi-element com- 
pound semiconductor, 

wherein said stacked precursor fflm 
which comprises a copper-gallium alloy layer 

5 and an indium layer is formed by depositing the 

copper-gallium alloy layer and the indium layer 
in this order on the metallic back electrode 
layer by sputtering, 

wherein said thin-film light absorbing 

70 layer has a side closest to the metallic back 

electrode layer and aside closest to an interfa- 
cial layer in the solar cell and, has a gallium 
concentration gradient that increases from the 
side closest to the interfacial layer to the side 

is closest to the metallic back electrode layer. 

2. The method for producing a thin-film light absorbing 
layer for a thin-film solar cell as claimed in claim 1, 
wherein the gallium concentration gracfient in the 
20 thirvtilm light absorbing layer is obtained by 

forming the stacked precursor film comprising 
a copper-gallium alloy layer and an indium 
layer by sputtering in such a manner that struc- 
25 ture of the copper-gallium alloy layer is 

changed and 

then heating the precursor film in an atmos- 
phere of at least one of selenium and sulfur. 

so 3. The method for producing a thin-film light absorbing 
layer for a thin-film solar cell as claimed in claim 1, 
wherein the gallium concentration gracfient in the 
thin-film light absorbing layer is obtained by 

36 forming the stacked precursor film comprising 

a copper-gallium alloy layer and an indium 
layer by depositing a copper-gallium alloy layer 
having a high gallium content a copper-gallium 
alloy layer having a low gallium content, and an 

40 indium layer in this order on the metallic back 

electrode layer by sputtering, and 
then heating the precursor film in an atmos- 
phere of at least one selenium and sulfur. 

45 4. The method for producing a thin-fflm fight absorbing 
layer for a thin-film solar cell as claimed in claim 1. 
wherein the gallium concentration gradient in the 
thin-film light absorbing layer is obtained by 

so forming the stacked precursor film comprising 

a copper-gallium alloy layer and an indium 
layer by depositing a copper-gallium alloy layer 
having a low gallium content a copper-gallium 
alloy layer having a high gallium content, and 

56 an indium layer in this order on the metallic 

back electrode layer by sputtering, and 
then heating this precursor film in an atmos- 
phere of at least one selenium and sulfur. 
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A method for producing a thirvfflm light absorbing 
layer for a thin-film solar ceil which comprises 

forming on a metallic back electrode layer a 
stacked precursor film comprising a layer of a s 
copper-gallium alloy and an indium layer by 
sputtering using (1) at least one copper-gallium 
alloy target and optionally a copper target, the 
targets having different gallium contents when 
more than one target is used and the gallium w 
content in each copper-gallium alloy target 
being from 1 to 40% by weight and (2) an 
indium or indium-selenium alloy target and 
then heating the precursor film in an atmos- 
phere of at least one of selenium and sulfur. 15 

An equipment for producing a thin-film light absorb- 
ing layer for a thin-film solar cell, said equipment 
comprising a sputtering part for forming a stacked 
precursor fOm comprising a layer of a copper-gal- 20 
lium alloy and an indium layer on a metallic beck 
electrode layer formed on a soda-lime float glass. 

An equipment for producing a thin-film light absorb- 
ing layer tor a thin-fftm solar cell as claimed in ciaim 2s 
6, wherein the sputtering part has (1) at least one 
copper-gallium aOoy and optionally a copper target, 
the target having different gallium contents when 
more than one target is used and the gallium con- 
tent in each copper-gallium aDoy target being from 30 
1 to 40 % by weight and (2) an indium or indium- 
selenium alloy target 


55 


EP 0838 864 A2 


CD 



jO 
EECC 

IT O 
I — CO 


8 


EP0 838 864 A2 



9 


EP0 838864 A2 


FIG. 3 


Ga/(ln + Ga) 0.6 
RATIO 



DEPTH FROM SURFACE (/im) 


. :Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 1 0 wt% 
(1) AND IN TARGET (3). 

a : Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 20 wt% 
(1) AND IN TARGET (3). 

o : Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 30 wt% 
(1) AND IN TARGET (3). 
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FIG. 4 
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Ga/(ln + 6a) 0.6 
RATIO 
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0.2 
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DEPTH FROM SURFACE (um) 


. : Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 20 wt% 

(1) , Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 1 0 wt% 

(2) , AND In TARGET (3). 

a : Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 30 wt% 

(1) , Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 1 0 wt% 

(2) , AND In TARGET (3). 

o : Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 30 wt% 

(1) , Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 20 wt% 

(2) , AND In TARGET (3). 
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FIG. 5 
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• : Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 20 wt% 

(1) , Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 30 wt% 

(2) , AND In TARGET (3). 

a : Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 10 wt% 

(1) , Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 30 wl% 

(2) , AND In TARGET (3). 

o : Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 10 wt% 

(1) , Cu-Ga ALLOY TARGET WITH Ga CONTENT OF 20 wt% 

(2) , AND In TARGET (3). 
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FIG. 6 
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